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Abstract
Introduction Uncorrected refractive errors are the
commonest cause of visual impairment globally.
Despite this, the proportion of affected individuals who
wear spectacles can be low, particularly in low and
middle-income countries. No data were available for
Sri Lanka.
Objectives To estimate the prevalence of refractive
errors and investigate their risk factors among adults
aged 40 years and above. Another purpose was to
calculate spectacle coverage and identify subgroups
with low coverage.
Methods Cluster random sampling was used to obtain
a nationally representative sample. Presenting distance
visual acuity was measured using a logMAR chart, with
distance spectacle correction if usually worn. All
underwent autorefraction and an optician measured
best-corrected visual acuity after subjective refraction.
Participants who had undergone cataract surgery were
excluded. Spectacle coverage was assessed amongst
participants with a visual acuity of <6/12 in the better
eye due to refractive error who attended the examination
site with spectacles.
Results 5,779/6,713 (86.1%) enumerated adults were
examined; 5,179 had refraction data. 67% had a
refractive error: hyperopia 49.6%; myopia 17.4%.
Refractive errors increased with age. Being aged 60
years and above and Sinhala ethnic group were
independent risk factors. Spectacle coverage was
17.7% overall, being lower in females and the non-
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Introduction
The Global Burden of Disease (GBD), Risk Factors
and Injury Study, estimated that in 2010 there were 6.8
million people who were blind from uncorrected refractive
errors [95% confidence interval (CI) 4.7-8.8 million] and a
further 101.2 million (95%  CI 87.9-125.5 million) who were
visually impaired. Uncorrected refractive errors were
responsible for 20.9% of all blindness and 52.9% of all
moderate and severe visual impairment in 2010 [1]. Despite
the very large number of people affected, spectacle
coverage, which assesses the extent to which the need
for spectacle correction for distance visual acuity has been
met, remains low, particularly in low and middle income
countries, being only 1.7% in a survey of adults in Tanzania
[2]. It was only 25.2% in adults in Bangladesh [3], and
29.5% in adults in India [4]. Studies have also demonstrated
literate. Based on the findings, 1.66 million adults
require spectacles for distance correction.
Conclusions Refractive errors are very common in Sri
Lankan adults, and there is a large unmet need for
spectacles. Affordable services for refractive errors need
to be scaled up, focusing on the most underserved
subgroups in the population.
s34 Ceylon Medical Journal
Original article
inequality in access to spectacles; for example in a study
in Pakistan spectacle coverage was 10.2% among adults
living in affluent areas compared with 6.7% and 4.4% in
areas classified as moderately developed and poor
respectively [5].
A recent systematic review and meta-analysis of data
on the prevalence of myopia, defined as refractive error of
minus 0.5D or more, used papers published since 1995.
The findings were used to estimate the number of
individuals with myopia in 2000 and to extrapolate the
findings to the year 2050 [6]. The data were presented
using the country groupings employed by the GBD
project, and assumptions were made for countries or
locations within countries, which lacked data. In the year
2000 there were an estimated 1,406 (95% CI 932-1932) million
people with myopia i.e., almost a quarter of the world's
population (22.9%). The number is projected to increase
to 4,758 (95% CI 3,620-6,065) million by the year 2050,
affecting almost half of the world's population (49.8%).
The number of individuals with high myopia is projected
to increase from 163 million to 938 million over the same
period. In the Southeast Asia region, which includes Sri
Lanka, the prevalence of myopia in all ages was estimated
to be 33.8% in 2000, expected to increase to 62% by 2050.
Given the projected increase in the number of people
who will become myopic, it is important that countries
assess the magnitude of visual impairment due to uncor-
rected refractive errors, including that due to myopia, and
the extent to which the current need for spectacle
correction is being met. The purpose of this paper is to
present findings on the prevalence and types of refractive
error, and the proportion of the need for spectacles for
distance correction that is currently being met, among
individuals aged 40 years, who were examined in the Sri
Lanka National Survey of Blindness, Visual Impairment
and Disability.
Methods
A detailed description of the methodology is
presented in another paper in this Special Issue. Details
of relevance to refractive errors are presented below.
Sample size calculation and sampling strategy
The following parameters were used to calculate the
sample size for the survey: prevalence of blindness
(presenting vision) among those aged 40 years – 2.5%;
confidence interval – 95%; allowable error - 0.02; precision
– 80%; design effect – 1.5 and a response rate of 85%.
The original sample size to be recruited was 6,600,
with 100 individuals being examined in 66 locations across
the country. Two clusters were added to ensure that each
district had at least one cluster (total 68). It was expected
that this sample would provide accurate estimates of the
national magnitude of blindness and visual impairment,
and on the prevalence and types of refractive errors. The
survey was powered for national level estimates and so
does not give accurate estimates at district level.
Survey procedures
During enumeration, all eligible individuals invited
to participate in the survey were requested to wear or
bring their spectacles for distance correction to the
examination site, if these were available.
After individuals had been recruited and written
informed consent obtained, an optometrist measured
presenting visual acuity (PVA) in each eye using a LogMAR
tumbling E chart at 4 meters in a well lit location, with
correction if usually worn. Whether they were wearing
spectacles or not was recorded. Individuals had to read at
least 4 out of the five optotypes on a visual acuity line to
be considered as able to read that level of visual acuity
(i.e. 6/6, 6/12, 6/60 etc.).If an individual could not see any
letters at 4 metres, they were retested at 1 metre. If they
could not see any letters at 1 metre, they were assessed,
by an ophthalmologist for finger counting or light
perception. All individuals underwent automated
refraction (Topcon KR 8000) by an optometrist who used
the findings as the basis for subjective refraction. PVA
and best corrected VA (BCVA) were recorded for each
eye. The refractive error was recorded if the VA improved
by two or more lines of VA with refraction. The
autorefractor was calibrated every day.
All individuals with a PVA of <6/12 in the better
eye were referred to an ophthalmologist for detailed
examination which included slit lamp examination and
dilated examination of the posterior segment with indirect
ophthalmoscopy and fundus imaging. A cause of visual
loss was assigned to each eye using standard methods
recommended by the World Health Organization (WHO)
[7], and the cause in one eye was selected as the cause for
the individual using the same standard methods, wherein
firstly all disorders contributing to visual loss in each eye
were recorded, followed by selection of the main cause
for each eye based on the primary cause for loss of vision.
The method is explained in detail in the companion paper
on survey methods in this issue of the journal.
Definitions
The definitions of myopia and hyperopia used the
spherical equivalent (SE) i.e., the spherical correction
plus half the cylindrical correction. Individuals who had
undergone cataract surgery were removed from the
analysis. All analyses used the findings in right eyes, as
in other studies.
Low myopia was defined as a SE of more than -0.5
dioptres (D) to -5.0D, and high myopia as more than
-5.0D. Low hyperopia was defined as a SE of more than
+ 0.5 dioptres (D) to + 2.0D, Moderate hyperopia as SE of
more than + 2.0 D to + 5.0D and high hyperopia as more
than + 5.0D. Astigmatism was defined as a cylinder of
more than 0.75D.
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Spectacle coverage was defined as the proportion of
the need for spectacle correction for distance vision that
had been met at the 6/12 level. The following formula was
used: met need / (met need + unmet need) x100, expressed
as a percentage. Met need was the number of individuals
whose presenting visual acuity with spectacles was 6/12
who had an uncorrected VA of <6/12. Unmet need was all
those with a PVA of <6/12 in the better eye where
uncorrected RE was the main cause of visual loss, even if
they were wearing distance glasses.
Data management
All data recording sheets were checked for
completeness at the end of each day. Data were entered
into a dedicated Access database which had built-in range
and consistency checks, by an experienced data entry
operator, and entries were checked by a second data officer.
Descriptive analyses were undertaken to estimate the
age-adjusted prevalence and type of refractive errors.
Univariate analyses were undertaken to explore
associations between socio-demographic variables
(including age, sex, rural/urban residence, literacy level,
ethnic group and province) by type of refractive error.
Variables which were significant at a level of 0.2 or less
were included in the multivariable analyses to identify
independent risk factors.
Participants who had undergone cataract surgery on
right eyes were removed and so data were not included
for 152 individuals (2.6%).
Results
A total of 5,779 adults among the 6,713 enumerated
were examined (overall response rate 86.1%). Response
rates were higher amongst older participants and females.
Response rates by Province and by urban / rural residence
were similar (range 84.7-87.9% and 83.7-86.4%
respectively). Those who were not literate were more likely
to be examined than those with primary education or above
(93.0% not literate; 80.9% graduates and above). After
excluding those who had undergone cataract surgery, data
were available on refractive errors for 5,179 right eyes (i.e.,
89.6% of those examined).
Prevalence and types of refractive errors
Using the spherical equivalent, two thirds of
participants had a refractive error (67.0%): almost half of
the survey participants were hyperopic (49.2%) and 17.4%
had any degree of myopia (Table 1). High myopia affected
2.1% of individuals, while High hyperopia was present in
0.42% of the study population. Among those with a
refractive error, 44.7% had astigmatism. Myopia and astig-
matism were more common in males (myopia: 16.4% in
males, 14.3% in females; astigmatism 48.8% in males, 42.2%
in females) but hyperopia was more common in females
(56.7%  in females, 47.0%  in males). The prevalence of all
types of refractive errors tended to increase with age.
Risk factors for refractive errors
Myopia:
A “U-shaped” distribution of low myopia was found
with age, as the prevalence was lowest in the group aged
40-49 years and   higher in the older age groups (Table 2).
In univariate analysis there were no significant sex
differences in the likelihood of having myopia of any
severity; the odds of myopia however, were higher in older
age groups (60 + years) and among those who were not
literate (OR 2.5; 95% confidence interval (CI) 1.3-4.7).
Individuals from the Sinhala ethnic group were also more
likely to be myopic (OR 1.6; 95% CI 1.3-1.9). In multivariable
analysis the following variables were independent risk
factors for myopia: age 60 + years and belonging to the
Sinhala ethnic group (OR 1.7; 95% CI: 1.3-2.3).
Hyperopia:
In univariate analysis males, those who were not
literate and those belonging to the Sinhala ethnic group
were less likely to have hyperopia (OR 0.8: 95% CI: 0.7-0.9
and OR 0.5; 95% CI: 0.3-0.9, OR 0.7; 95% CI 0.6-0.8
respectively), while individuals aged 50-69 had higher odds
of hyperopia than those in the youngest group (Table 2).
In multivariable analysis male sex, younger age (40-49
years) and Sinhala ethnic group were independent
protective factors for hyperopia.
Astigmatism
In univariate analysis males had higher odds of
astigmatism (OR 1.3; 95% CI 1.2-1.5) and astigmatism
was lower in all older age groups compared with those
age 40-49 years. Similar results were found in multivariable
analysis.
There are estimated to be 1.660 (range 1.658-1.663)
million adults in Sri Lanka who are visually impaired
from uncorrected refractive errors (<6/12 in the better
eye), using the prevalence of visual impairment and
proportionate cause of visual impairment due to refractive
errors) from the present survey and the population data
for the year 2014, of whom 58% are female.
Spectacle coverage
The proportion of individuals with a significant
refractive error, defined as a visual acuity of <6/12 in the
better eye due to refractive error, who attended the
examination site with the correct distance correction was
only 17.7% (i.e., 223/1309) (Table 3). Coverage was lower
in females than males and among rural dwellers than urban,
but the differences were not statistically significant (15.2%
vs 20.2% and 16.3% vs 22.0%, respectively). There was a
marked trend in spectacle coverage by level of education,
increasing from only 4.9% amongst those who were not
literate to 45.5% amongst those educated to graduate level
or above (p<0.001). Spectacle coverage was lowest in the
Northern Province (13.0%) and highest in the Western
Province (22.7%).
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Table 1. Prevalence and types of refractive errors
N % N % N % N % N % N % N %
Female
40-49 1063 110 10.3 8 0.8 118 11.1 368 34.6 29 2.7 0 0.0 397 37.3 720 67.7 548 51.6
50-59 1023 70 6.8 17 1.7 87 8.5 502 49.1 184 18.0 1 0.1 687 67.1 349 34.1 249 24.3
60-69 680 107 15.7 29 4.3 136 20.0 252 37.1 193 28.4 1 0.1 446 65.6 160 23.5 98 14.4
70-79 230 69 30.0 7 3.0 76 33.0 73 31.7 45 19.6 0 0.0 118 51.3 45 19.6 36 15.7
80+ 51 16 31.4 2 3.9 18 35.3 14 27.5 9 17.6 0 0.0 23 45.1 13 25.5 10 19.6
All ages 3047 372 12.2 63 2.1 435 14.3 1254 41.2 474 15.6 2 0.1 1730 56.8 1287 42.2 941 30.9
Male
40-49 612 81 13.2 3 0.5 84 13.7 145 23.7 11 1.8 0 0.0 156 25.5 458 74.8 372 60.8
50-59 755 65 8.6 9 1.2 74 9.8 397 52.6 58 7.7 1 0.1 456 60.4 334 44.2 225 29.8
60-69 542 98 18.1 12 2.2 110 20.3 222 41.0 83 15.3 3 0.5 308 56.8 172 31.7 124 22.9
70-79 175 59 33.7 3 1.7 62 35.4 47 26.9 21 12.0 0 0.0 68 38.9 65 37.1 45 25.7
80+ 48 17 35.4 3 6.3 20 41.7 10 20.8 9 18.7 0 0.0 19 39.6 12 25.0 9 18.8
All males 2132 320 15.0 30 1.4 350 16.4 821 38.5 182 8.5 4 0.2 1007 47.2 1041 48.8 775 36.4
Total 5179 692 13.4 109 2.1 801 15.5 2103 40.6 665 12.8 22 0.4 2790 53.9 2516 48.6 1858 35.9
Age  group N Myopia Hyperopia Astigmatism Emmetropia
& sex
Low High Total Low Moderate High Total
> -0.5D to > - 5.0D >+0.5D to > +2.0D to > + > + 0.75D
<= -5.0D <= +2.0D <= 5.0D 5.0D
Table 2. Univariate and multi-variate analysis of risk factors for different types of refractive error
Sex Female Ref Ref Ref Ref Ref Ref
Male 1.2 1.0-1.5 1.2 1.0-1.4 0.8 0.7-0.9 0.7 0.6-0.8 1.3 1.2-1.5 1.5 1.3-1.7
Age 40-49 Ref Ref Ref Ref Ref Ref
50-59 0.6 0.5-0.7 0.6 0.5-0.7 3.1 2.6-3.6 3.2 2.8-3.8 0.3 0.2-0.3 0.3 0.2-0.3
60-69 1.4 1.2-1.7 1.4 1.1-1.7 2.3 1.9-2.6 2.5 2.1-3.0 0.2 0.1-0.2 0.2 0.1-0.2
70-79 3.1 2.4-4.0 3.1 2.3-4.2 1.1 0.9-1.4 1.2 0.9-1.6 0.2 0.1-0.2 0.2 0.1-0.2
80+ 3.7 2.4-5.8 4.3 2.2-8.2 0.9 0.6-1.4 1 0.6-1.7 0.1 0.01-0.2 0.1 0.1-0.2
Residence Urban
Rural 1.4 1.1-1.8 1.3 0.9-1.8 1.2 1.0-1.4 1 0.8-1.3 1.1 0.9-1.3 1 0.8-1.3
Education Graduate Ref Ref Ref Ref Ref Ref
or more
Secondary 0.8 0.5-1.5 0.91 0.5-1.7 0.9 0.6-1.4 0.9 0.5-1.2 1.2 0.8-1.9 1.3 0.8-2.2
level
Primary level 1.4 0.8-2.5 1.20 0.6-2.4 0.7 0.5-1.1 0.7 0.4-1.2 1 0.6-1.5 1.4 0.8-2.5
Not literate 2.5 1.3-4.7 2.91 1.0-8.5 0.5 0.3-0.9 0.5 0.2-1.1 0.6 0.4-1.0 0.8 0.4-1.8
Province Sabaragamuwa Ref Ref Ref Ref Ref Ref
Eastern 2.4 1.7-3.5 2.2 1.4-3.5 0.6 0.5-0.8 0.7 0.5-1.1 0.9 0.7-1.1 0.9 0.6-1.2
North West 1.8 1.2-2.6 1.9 1.3-2.8 0.7 0.5-0.9 0.6 0.5-0.8 1 0.8-1.3 1.1 0.8-1.4
North 1.7 1.2-2.5 1.5 0.7-3.2 0.8 0.6-1.0 0.8 0.5-1.4 0.8 0.6-1.1 0.9 0.5-1.6
Central 1.5 1.1-2.1 1.2 0.8-1.7 0.8 0.6-1.0 0.9 0.7-1.2 0.9 0.7-1.1 0.8 0.6-1.1
North Central 1.9 1.3-2.9 1.9 1.2-2.9 0.7 0.5-0.9 0.8 0.5-1.1 1.1 0.8-1.5 1 0.8-1.4
Uva 1.8 1.2-2.7 2.1 1.4-3.3 0.7 0.5-1.0 0.6 0.4-0.8 1 0.8-1.4 1.1 0.8-1.6
Western 1.2 0.9-1.6 1.3 0.9-1.8 1 0.8-1.2 0.9 0.7-1.1 0.8 0.7-1.0 0.8 0.6-1.1
South 1.1 0.7-1.8 1.2 0.7-2.0 1 0.7-1.5 0.9 0.6-1.3 0.7 0.5-1.0 0.8 0.5-1.1
Ethnicity Tamil Ref Ref Ref Ref Ref Ref
Sinhala 1.6 1.3-1.9 1.7 1.3-2.3 0.7 0.6-0.8 0.7 0.6-0.8 1 0.8-1.1 1.1 0.9-1.3
Moor 1 0.7-1.5 0.8 0.4-1.4 0.8 0.6-1.1 1 0.7-1.5 1.3 0.9-1.8 1 0.7-1.6
Variables Myopia (> - 0.5 D) Hyperopia (>+0.5 to +13.5 D) Astigmatism (>-0.75 D to +0.75 D)
Univariate Multivariate Univariate Multivariate Univariate Multivariate
OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
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myopic and 20.6% had hypermetropia [9]. In a survey of
adults aged 40 years in Tamil Nadu, south India, 30.7%
of individuals were myopic and 18.7% were hyperopic [10].
This is unlike the present study where the prevalence of
hypermetropia was higher than the prevalence of myopia.
Similar findings were reported from South Africa where it
was observed that the prevalence of myopia was higher in
males while prevalence of hypermetropia was higher in
females [11]. In the present survey, the ratio of women to
men among those examined is 1.43:1 and this could be
responsible for the higher prevalence of hypermetropia.
Sex, age and ethnicity were the main factors
associated with refractive errors. Ethnic differences have
been reported in other surveys in the region. For example,
in a survey of adults aged 40 years in Singapore, Chinese
participants were twice as likely to be myopic than Indians
or Malays [12]. Most of these surveys used the same
definition of myopia as in our study, but our definitions of
hyperopia and astigmatism were different and so the data
Discussion
Evidence from all the low and middle-income
countries shows that uncorrected refractive errors were
the commonest cause of visual impairment [1]. The same
was the case in Sri Lanka, where uncorrected refractive
errors were responsible for 81.0% of mild visual impairment
and 64.0%, 46.7% and 12.5% of moderate and severe visual
impairment and blindness, respectively) (results presented
in the causes of visual impairment paper in this issue).
Refractive errors of all types were common in Sri
Lankan adults, affecting two thirds of the population aged
40 years. Similar findings have been reported in Pakistan,
Bangladesh and India [8,9,10]. In the national survey of
adults aged 30 years, in Pakistan (which used the same
definitions as in this survey), the crude prevalence of
myopia, hypermetropia and astigmatism were 36.5%,
27.1%, and 37%, respectively [8]. In the Bangladesh
national survey of adults aged 40 years, 22.1% were
Table 3. Spectacle coverage
Sex Male 105 517 20.3%
Female 149 918 16.2% X2-2.6; P=0.11
Age 40-49 2 3 151 15.2%
50-59 8 6 554 15.5%
60-69 107 534 20.0%
70-79 3 4 169 20.1%
80+ 4 2 7 14.8% X2-3.7; P=0.45
Residence Rural 214 1248 17.1%
Urban 4 0 187 21.4% X2-1.4; p=0.24
Education Not literate 4 8 2 4.9%
Primary level 2 6 332 7.8%
Secondary level 214 999 21.4%
Graduate and above 1 0 2 2 45.5% X2-37.2;
p< 0.0001
Province Uva 1 4 7 5 18.7%
Eastern 1 5 105 14.3%
North West 1 9 135 14.1%
North 1 4 108 13.0%
Central 4 1 282 14.5%
North Central 1 1 8 3 13.3%
Sabaragamuwa 2 3 114 20.2%
Western Province 104 459 22.7%
South 1 3 7 4 17.6% X2-10.46; p=0.23
Ethnicity Tamil 214 1165 18.4%
Sinhala 3 5 231 15.2%
Moor 5 3 9 12.8% X2-1 .45;
P=0.48
Total 254 1435 17.7%
Met need Met + unmet need Coverage
N=254 N=1435 %
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are not comparable. Other surveys from the South East
Asia region, in Indonesia [13], Korea [14], Myanmar [15]
did not use the same definitions making comparisons
difficult.
The higher prevalence of myopia in the youngest
age groups in the Sri Lanka survey compared to other
studies suggests that the incidence may be increasing.
However, a limitation of this study was that lens opacities
were not graded using systems which can detect early
nuclear sclerosis, and it is likely that some of the myopia
in older age groups was index myopia. The “U” shaped
distribution of myopia has also been reported from a meta-
analysis of population based data from other countries in
Asia [16].
Over 1.5 million adults in Sri Lanka are visually
impaired due to uncorrected refractive errors, with a greater
number of affected females than males. Spectacle coverage
was low overall, particularly amongst the poorly educated
and in the north of the country. There have only been a
few studies of spectacle coverage in Asian countries, with
surveys in Bangladesh and Pakistan, which used similar
definitions, reporting coverage rates of 25.2% in Bangla-
desh [3], and 15.1% in Pakistan [8] at the 6/12 level. In
Bangladesh, the coverage was lower in females (30.2% in
men and 20.9% in women) while in Pakistan those who
were not literate were five times less likely to have their
need for spectacles met than those who were literate. A
limitation of this study is that some individuals with
distance correction did not bring them to the examination
site, which led to an underestimation of spectacle coverage.
Another limitation of the survey is that the prevalence of
presbyopia was not estimated, nor was spectacle coverage
for near correction assessed. Since lens opacities were
excluded in the calculation of refractive errors, this may
have increased the prevalence of myopia and the overall
prevalence of refractive errors.
In conclusion, the survey showed that uncorrected
refractive errors are a significant public health concern in
Sri Lanka, which affects a significant proportion of the
adult population. Coverage with spectacles however is
low, particularly in women, rural residents and those with
low levels of education levels. Although significant
progress has been made to advance eye health services
in the country, the ratio of optometrists/ophthalmic techni-
cians to the population remains below the recommended
standards.
To improve current spectacle coverage, and antici-
pating the increasing incidence of myopia, access to high
quality refractive services, which are affordable for all need,
to be scaled up, particularly in the population sub-groups
and provinces where the coverage is lowest. Whilst
factors associated with the increasing incidence have not
been fully elucidated, there is increasing evidence that
myopia in children is associated with less time spent
outdoors [17], and preventive efforts need to be put in
place to address this growing problem.
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